Here we describe the detail of the mathematical model including the governing equations, the rheological law, the background temperature, and the boundary conditions. Numerical methods and solvers are then presented. The performance of the sensitivity analysis is illustrated by several case studies related to (i) variations in mantle viscosity, (ii) model depth variation, and (iii) the presence of phase changes in the mantle. Also here we compare qualitatively three seismic tomography models.
respectively. The physical parameters used in this study are listed in Table S1 .
We consider a temperature-and depth-dependent Newtonian rheology Table S1 . We set the upper limit of the viscosity at ~10 22 Pa s, which results in the viscosity increase from the upper to the lower mantle by about two orders of magnitude.
Background temperature
The initial conditions for temperature are determined from the seismic tomography model as described in the main text. The background temperature used for deriving the temperature from seismic velocity anomalies is presented in Fig. S1 . Note that the solidus for dry rocks (black curve) is used in this derivation. 
Boundary conditions
At the upper surface of the model boundary we prescribe the velocity patterns observed on the wide Pacific and Philippine Sea subduction zone 64 , we do not include the trench migration in the present model. Also we do not introduce a weak (artificial) zone at the plate interfaces as it is used in forward modelling to reduce stresses at the interfaces and to promote subduction. Such a weak zone is partly accommodated in backward modelling, because in the backward (time-reverse) modeling the hotter material from below moves upward toward the divergent plate interfaces reducing the viscosity there.
At the lower surface of the model boundary we set the velocity 0  u (no-slip) and fixed temperature T = T l . To allow for the flow to pass through the lateral boundaries, we prescribe at the lateral sides of the boundary the following conditions:
Also we prescribe 0 P   n at the model boundary. We tested several other conditions at the lateral sides and at the bottom of the model domain (see Table S2 ) to study how the boundary conditions influence the restoration results. We found that the major features related to the present conclusions are reserved among the above different cases.
NUMERICAL METHODS AND SOLVERS
The Several approaches have been developed to reconstruct the past thermal state and flow in the crust and mantle: backward advection method [66] [67] [68] [69] , sequential filtering method 70 , variational/ adjoint method [71] [72] [73] , and quasi-reversibility (QRV) method 43 . Among these methods, the QRV method is less susceptible to a noise (small temperature perturbations) in restoration models 74 .
The QRV method for data assimilation introduces a new term in the heat balance equation (the first term in Eq. 3) to regularize the equation when solving it backward in time. The additional term describes heat flux relaxation 43, 75 .
Velocity u and pressure P are found from the equations (1) and (2) using the SIMPLE method 10, 76 . The regularized heat balance equation (3) is approximated by the Euler method using the implicit approximation of the advective term and the explicit approximation of the conductive term:
where the discrete operators T  C = C and T D = D approximate the advective and conductive terms, respectively. To solve the numerical scheme we use the splitting method 77 introducing the convection/anti-diffusion and regularization parts as
The system of the discrete equations (4) is solved by the BiConjugate Gradient method 78 using the incomplete LU-factorization as a pre-conditioner 79 . The system (5) is solved by the conjugate gradient method 10 . Table S3 lists the case studies performed to analyse the effects of (i) the variation in mantle 
NUMERICAL TESTS

Variations in mantle viscosity
To analyse a sensitivity of the model to variations in mantle viscosity, we performed three case studies varying the dimensionless viscosity  from 45 to 591 by changing the activation volume We see that the results are rather robust to the depth of the domain. And again there exists a link between the hotter rocks in sub-slab mantle with those in the mantle wedge (see areas marked by green ovals in Fig. S5 ).
Influence of phase changes
To analyse the effect of phase changes on the data assimilation, three case studies have been Movie "Linkage between the hot sub-slab mantle and mantle wedge"
The movie (Linkage_BandC.mp4) presents the evolution of two iso-surfaces of hot 4% anomaly (red) and cold 4% anomaly (blue). It illustrates the linkage between the hot anomaly in the subslab (region c in Fig. 3 ) and the hot anomaly in the mantle wedge (region B in Fig. 3 ) in 38.9 Ma. The movie's show starts at 38.9 Ma and finishes at present. The movie can be downloaded from http://www.mitp.ru/~aismail/movies/ 
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